on behalf of the CHEST Expert Cough Panel BACKGROUND: Unexplained chronic cough (UCC) causes significant impairments in quality of life. Effective assessment and treatment approaches are needed for UCC.
Summary of Recommendations and Suggestions
1. In adult patients with chronic cough, we suggest that unexplained chronic cough be defined as a cough that persists longer than 8 weeks, and remains unexplained after investigation, and supervised therapeutic trial(s) conducted according to published best-practice guidelines (Ungraded Consensus-Based Statement).
2. In adult patients with chronic cough, we suggest that patients with chronic cough undergo a guideline/ protocol based assessment process that includes objective testing for bronchial hyperresponsiveness and eosinophilic bronchitis, or a therapeutic corticosteroid trial (Ungraded Consensus-Based Statement).
3. In adult patients with unexplained chronic cough, we suggest a therapeutic trial of multimodality speech pathology therapy (Grade 2C).
4. In adult patients with unexplained chronic cough and negative tests for bronchial hyperresponsiveness and eosinophilia (sputum eosinophils, exhaled nitric oxide), we suggest that inhaled corticosteroids not be prescribed (Grade 2B).
5. In adult patients with unexplained chronic cough, we suggest a therapeutic trial of gabapentin as long as the potential side effects and the risk-benefit profile are discussed with patients before use of the medication, and there is a reassessment of the riskbenefit profile at 6 months before continuing the drug (Grade 2C).
Remarks: Because health-related quality of life of some patients can be so adversely impacted by their unexplained chronic cough, and because gabapentin has been associated with improvement in quality of life in a randomized controlled clinical trial, the American College of Chest Physicians (CHEST) Cough Expert Panel believes that the potential benefits in some patients outweigh the potential side effects. With respect to dosing, patients without contraindications to gabapentin can be prescribed a dose escalation schedule beginning at 300 mg once a day with additional doses being added each day as tolerated up to a maximum tolerable daily dose of 1,800 mg a day in two divided doses.
6. In adult patients with unexplained chronic cough and a negative workup for acid gastroesophageal reflux disease, we suggest that proton pump inhibitor therapy not be prescribed (Grade 2C).
Persistent cough of unexplained origin 1 is a significant health issue that occurs in up to 5% to 10% of patients seeking medical assistance for a chronic cough 2 and from 0% to 46% of patients referred to specialty cough clinics. [3] [4] [5] [6] Patients with unexplained chronic cough (UCC) experience significant impairments in quality of life. They endure a chronic cough that persists, often for many months or years, despite systematic investigation and treatment of known causes. There is a need to identify effective treatment approaches for UCC. In addition, it is essential to distinguish the cough experienced by these patients from cough that can be explained and effectively treated 5 because incomplete investigation or inadequate treatment will also result in a persistent cough that seems to be unexplained.
UCC represents a clinically significant chronic cough that persists despite appropriate investigation and treatment. It can occur under three different circumstances: (1) chronic cough with no diagnosable cause (UCC), (2) explained but refractory chronic cough, and (3) unexplained and refractory chronic cough. When patients with chronic cough undergo investigation and the results of these investigations do not identify a cause of their cough, this condition is termed UCC. Patients can be assessed, investigated, and identified as having conditions that are known to be associated with chronic cough, but the cough persists after treatment of these conditions, indicating explained but refractory chronic cough. Patients may have negative investigations for chronic cough and undergo empiric therapy trials, and if these are negative, the patient has unexplained refractory chronic cough. It is unclear whether these distinctions are either useful or necessary.
The most useful assessment may be to identify UCC by using the algorithm shown in Figure 1 . UCC can be defined according to several distinct features. These are: (1) a chronic cough that persists after investigation and follow-up, and (2) that persists after therapeutic trials have been conducted according to indications identified during assessment and which have been conducted according to published best practice guidelines in an adherent patient. The present systematic review addresses the problem of UCC in the areas of diagnosis, management, and future directions.
Methods
The methodology of the CHEST Guideline Oversight Committee was used to select the Expert Cough Panel chair and the international panel of experts to perform the systematic review, synthesis of the evidence, and development of the recommendations and suggestions. 7 
Systematic Review Question
The clinical question for this systematic review was generated by using the PICO (population, intervention, comparison, outcome) format. 8 The review question was: What is the efficacy of treatment compared with usual care for cough severity, cough frequency, and cough-related quality of life in patients with UCC?
Literature Search
The methods used for this systematic review conformed with those outlined in the article "Methodologies for the development of CHEST guidelines and expert panel reports." 7 The National Guideline Clearinghouse (www.guideline.gov) and the Guidelines International Network Library (www.g-i-n.net) were searched for existing guidelines on UCC. Systematic reviews and clinical trials were identified from searches of electronic databases (PubMed, The titles and abstracts of the search results were independently evaluated by two reviewers (P.G.G. and W.G.) to identify potentially relevant articles, based on the eligibility criteria of the study design (randomized controlled trial [RCT] , controlled clinical trial, or systematic review) and population (patients with chronic cough that was unexplained, refractory to treatment, or idiopathic; in adults or adolescents aged > 12 years) ( Table 1 ). The full text of all potentially relevant articles was retrieved, and two reviewers (W.G. and P.G.G.) independently evaluated all the retrieved studies against the criteria.
Quality Assessment: Included articles underwent methodologic assessment. For RCTs and controlled clinical trials, quality assessment was conducted by using the Cochrane risk of bias tool. 9 For systematic reviews, the Documentation and Appraisal Review Tool was used. 
YES
Figure 1 -A proposed algorithm detailing a management approach to the patient with "difficult-to-treat" cough. journal.publications.chestnet.org
Grading Recommendations: In addition to the quality of the evidence, the recommendation grading includes a strength of recommendation dimension, which is used for all CHEST guidelines. 7 In the context of practice recommendations, a strong recommendation applies to almost all patients, whereas a weak recommendation is conditional and applies only to some patients. In the context of research recommendations (eg, those provided in the present guideline), we intended for a strong recommendation (Grade 1) to imply that we recommend using intervention fidelity strategies in all studies in which patients with chronic cough are being diagnosed and managed. Intervention fidelity has been identified as an important aspect of chronic cough studies and is defined "as the extent to which an intervention was delivered as conceived and planned-to arrive at valid conclusions concerning its effectiveness in achieving target outcomes." 11 The strength of recommendation here is based on consideration of three factors: balance of benefits to harms, patient values and preferences, and resource considerations. Harms incorporate risks and burdens to the patients, which can include convenience or lack of convenience, difficulty of administration, and invasiveness. These variables, in turn, affect patient preferences. The resource considerations extend beyond economics and should also factor in time and other indirect costs. The authors of these recommendations have considered these parameters in determining the strength of the recommendations and associated grades.
The findings of this systematic review were used to support the evidencegraded recommendations or suggestions. A highly structured consensusbased Delphi approach was used to provide expert advice on all guidance statements. The total number of eligible voters for each guidance statement varied based on the number of managed individuals recused from voting on any particular statements because of their potential conflicts of interest (e- Table 1 ). Transparency of process was documented. Further details of the methods related to conflicts of interests and transparency have been published elsewhere. 7 Results Figure 2 presents the results of the systematic review. Nineteen individual RCTs were identified; 11 met the inclusion criteria, and eight were excluded. Reasons for exclusion were: studies did not assess chronic cough because cough duration < 8 weeks, 12-14 the study topic was not idiopathic/refractory or unexplained cough, 15, 16 the study was not an RCT, 17 and there were no coughrelated outcomes. 18 The study by Sher et al 19 used memantine as an intervention and met inclusion criteria, but no results were reported. A single-patient RCT (one study) of ibuprofen was not included. 20 Six potentially relevant systematic reviews were identified; five met the inclusion criteria, and one was excluded because it was a narrative review. 21 No relevant guidelines were identified. This technique resulted in the inclusion of five systematic reviews and 11 RCTs, which journal.publications.chestnet.org assessed a variety of interventions for UCC, refractory cough, or idiopathic cough (Table 2) .
Study Quality
The study quality for RCTs and controlled clinical trials was high in 10 studies (Figs 3A and 3B). Significant risk of bias was identified in one study 22 in the areas of randomization, concealment of allocation, blinding of the intervention and outcome assessments, and measurement the quality of life outcome. The intervention used in the study by Vertigan et al 23 was a speech pathology intervention and involved concealed random allocation, but treatment group and outcome assessments were unblinded.
For systematic reviews, the Documentation and Appraisal Review Tool 10 ( Table 3 ) was used. Each of the systematic reviews demonstrated substantial adherence to the quality assessment criteria.
Characteristics of Included Studies
Most (n ¼ 9) trials were parallel-group, single-center studies. There were three crossover trials [24] [25] [26] and one multicenter trial. 27 The 11 RCTs reported data on 567 participants with UCC. Study sample size ranged from 14 to 144 subjects, with an average of 47 subjects per study. Participants had a mean age of 52.1 years, and most (60%) were women. Cough lasted a mean of 32 months prior to study entry.
Diagnosis of UCC
The diagnosis of UCC is applied after completion of a systematic assessment and treatment for known causes of cough. This analysis found that a variety of terms and descriptions were used to identify the patient with UCC. It is likely that most studies assessed patients adequately for the common causes of chronic cough (asthma, gastroesophageal reflux disease [GERD], rhinosinusitis, and nonasthmatic eosinophilic bronchitis), but documentation of this assessment was limited (Tables 4 and 5) . 28 
UCC Terminology
Although UCC was identified as an inclusion criterion for each study, the studies used a variety of descriptions and labels to make a diagnosis of UCC (Table 6 ). The title, abstract, introduction, and conclusion were examined for descriptors used for this condition. Eight Inhaled or oral corticosteroids were prescribed although nonasthmatic eosinophilic bronchitis/asthma were not indicated in the study. Based on the previously published probability-based treatment algorithm. of the RCTs used a simple label to identify the patient group, whereas three studies did not use a label but provided a descriptive phrase. 23, 27, 29 One study used several labels concurrently within the same article 25 (treatment-resistant, idiopathic, and intractable). The systematic reviews used the terms refractory, [30] [31] [32] unexplained, 31, 33 and idiopathic cough.
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The labels and descriptions identified UCC as either refractory to empiric treatment trials [23] [24] [25] [30] [31] [32] 34 Each of the RCTs reported that patients were excluded if they were assessed as having comorbidity associated with cough. Asthma was excluded by physician Idiopathic chronic cough 1 study 20, 25 1 SR 32 Chronic cough of unknown etiology 3 studies 26, 36, 37 Chronic treatment-resistant cough 1 study 25 Intractable chronic cough 1 study 25 Postviral vagal neuropathy 1 study 22 SR ¼ systematic review.
journal.publications.chestnet.org diagnosis (nine trials), treatment use for asthma (one trial), or negative asthma treatment trial (one study). Significant smoking (> 10 pack-years) was an exclusion criterion in nine of the trials. GERD was mentioned as an exclusion criterion in all trials. Rhinosinusitis or PNDS was assessed and excluded according to diagnosis or negative treatment trial in nine studies. One RCT allowed entry of patients with untreated nasal allergies. 22 None of the studies reported the quantitative results of treatment trials conducted prior to randomization or how their outcomes were assessed. Treatment trials were specifically noted to have been conducted for the following reasons: nasal disease, seven trials; GERD, eight trials; and asthma, six trials.
Investigation for causes of chronic cough was reported for each study, but the intensity of the investigation varied. Chest radiography was reported in 10 studies, bronchial hyperresponsiveness (BHR) in six studies, sinus imaging in six studies, and investigation of GERD by using esophageal pH probe monitoring in two studies. More specialized investigation for causes of cough with a chest CT radiographic scan of the thorax (one study), induced sputum (for eosinophilic bronchitis, three studies), or polysomnography (for obstructive sleep apnea, no studies) were uncommon.
1. In adult patients with chronic cough, we suggest that unexplained chronic cough be diagnosed as a cough that persists longer than 8 weeks, and remains unexplained after investigation, and supervised therapeutic trial(s) conducted according to published best-practice guidelines (Ungraded Consensus-Based Statement).
Treatment: RCTs
The treatments assessed in this review were grouped into several categories.
1. Nonpharmacologic therapies: a multimodality speech pathology-therapy based intervention was identified.
Inhaled corticosteroids (ICS): this strategy targets
airway inflammation, predominantly eosinophilic inflammation that occurs in asthma, rhinitis, and nonasthmatic eosinophilic bronchitis (Table 7) . 3. Neuromodulatory therapies: this group included therapies with known action on neural pathways, such as amitriptyline, gabapentin, and morphine (Table 8) . 37, 38 4. Other therapies (Table 7) : esomeprazole, erythromycin, ibuprofen, and ipratropium. Nonpharmacologic Therapies: A RCT reported a positive benefit on cough severity when a multimodality speech pathology therapy-based intervention was used. 23 No adverse effects were reported. Chamberlain et al 30 published a systematic review of nonpharmacologic therapy for refractory chronic cough. The authors identified English-language reports that investigated nonpharmacologic treatment of refractory chronic cough in adults published between 1980 and 2012. This review identified one RCT (by Vertigan et al 23 ) and several observational studies. The intervention included two to four sessions of education, cough suppression techniques, breathing exercises, and counseling. The intervention resulted in a reduction in cough frequency (three studies), an improvement in cough severity (two studies), and a beneficial effect on cough-related quality of life (four studies). Although the review found support for nonpharmacologic therapy for UCC, it also noted the paucity of high-quality evidence and the need for additional studies.
Inhaled Corticosteroids: ICS were studied in three randomized trials. Different agents were used in each trial and at different comparative doses (mometasone, budesonide, and beclomethasone). ICS were found to improve cough severity in two studies, 28, 29 but no other patient-reported outcomes were reported. No adverse effects were reported.
ICS target airway inflammation, predominantly eosinophilic inflammation that occurs in asthma, rhinitis, and nonasthmatic eosinophilic bronchitis. A significant limitation of two of these RCTs 28,29 is that they did not include optimal assessment of asthma (with BHR testing) or eosinophilic bronchitis (with induced sputum testing or exhaled nitric oxide) as part of the cough evaluation when assessing eligibility for study entry. BHR testing was, however, included as part of the follow-up assessment, and BHR was identified in up to 50% of the participants in one study. 28 This finding
indicates an intervention fidelity bias in which 50% of included patients may have had asthma rather than UCC.
BHR and induced sputum testing were included in the study by Pizzichini et al. 39 A positive BHR test result was an exclusion criterion. Each of the included participants had a negative result on induced sputum testing for eosinophils. Pizzichini et al 39 found no beneficial effect of inhaled budesonide on cough symptoms in their population of nonasthmatic, noneosinophilic subjects with UCC.
Johnstone et al 33 performed a systematic review to assess whether ICS could cure UCC in adults. Eight eligible RCTs were identified involving 570 participants. The studies were heterogeneous with respect to cough duration (> 3 weeks to > 8 weeks) and the lack of exclusion of other cough-related conditions. For example, four of the included studies permitted subjects with associated GERD and three permitted associated Table 2 legend for expansion of other abbreviation.
PNDS. The studies were of good quality but were heterogeneous, which precluded meta-analysis. Overall, ICS treatment led to a significant reduction in cough score, but analysis of the primary outcome (cure) was not possible because of study heterogeneity.
BHR testing is recommended as part of the diagnostic assessment of chronic cough when asthma is a consideration. 2 It is likely that a more complete diagnostic evaluation is required to assess coexisting asthma.
Neuromodulatory Therapies: Neuromodulatory agents are believed to act on the enhanced neural sensitization that is a key component of unexplained cough. Each of the centrally acting neuromodulators (amitriptyline, gabapentin, and morphine) had positive effects on cough-specific quality of life. The magnitude of this effect exceeded the minimum important difference for the instruments used in two studies (Table 8 ). There was significant potential for selection bias (Fig 3B) , and because we were unable to verify the reporting of the amitriptyline results, this agent was not included in the recommendations.
In the study by Ryan et al, 34 adverse events were reported in 31% of the gabapentin group and included confusion, dizziness, dry mouth, fatigue, and/or nausea; blurred vision, headache, and memory loss was reported in only one patient each. Adverse events were reported in 10% of the placebo group, and there was no statistically significant difference in adverse events between the gabapentin and placebo groups. In the study by Morice et al, 25 morphine was well tolerated, and no patients dropped out because of adverse events. The most common adverse effects noted were constipation (40%) and drowsiness (25%). The study by Jeyakumar et al 22 did not report adverse effects.
Cohen and Misono 32 performed a systematic review of neuromodulatory therapy for chronic idiopathic cough. Chronic cough was defined as > 6 weeks' duration, which is shorter than the guideline definition of > 8 weeks. Idiopathic cough was identified by eliminating articles that included participants with cough due to other conditions, such as reflux disease, sinonasal pathology, allergy, pulmonary diseases, and angiotensin-converting enzyme inhibitor treatment. Eight relevant articles were evaluated, including two RCTs. 22, 34 A broad range of neuromodulators was studied, including gabapentin, pregabalin, amitriptyline, and baclofen. The review identified positive effects of neuromodulator therapy on cough-specific quality of life and cough severity, and it recommended further study design improvements for future research.
This class of therapy seems promising for the treatment of UCC. For each of the agents (morphine, amitriptyline, and gabapentin), there is a single positive RCT. Adverse effects can be significant and limit the maximum tolerable dose of these agents. Their role in therapy in relation to speech pathology interventions must be defined and improvements made to understand their adverse event profiles.
Based on the available evidence, an initial weak recommendation addressing gabapentin and morphine was proposed to the CHEST Expert Cough Panel. Only 75% of the panelists who voted were in favor of this recommendation, and it therefore failed to pass. Based on feedback from the voting panelists, the authors subsequently split the recommendation into two recommendations, one addressing gabapentin and the other addressing morphine. Wording was added to both recommendations suggesting that reassessment of the risk-benefit profile be performed at 6 months. Dosing information based on the RCT conducted by Ryan et al 34 was also added to the gabapentin recommendation. The gabapentin recommendation passed with an approval of 90% of the votes; the morphine recommendation failed to pass, however, with an approval of only 71% of the votes. Based on further feedback from the voting panelists, the morphine recommendation was again revised and wording was added suggesting that morphine could be used when all other therapeutic options have failed to improve cough and there was close follow-up at 1 week and then monthly. During the third and final round of voting, the recommendation still failed to pass, with only 75% of the votes approving of the recommendation (to meet approval, an approval score of 80% was needed). The morphine recommendation was therefore removed from this guideline.
5. In adult patients with unexplained chronic cough, we suggest a therapeutic trial of gabapentin as long as the potential side effects and the risk-benefit profile are discussed with patients before use of the medication, and there is a reassessment of the risk-benefit profile at 6 months before continuing the drug (Grade 2C).
Remarks: Because health-related quality of life of some patients can be so adversely impacted by their unexplained chronic cough, and because gabapentin has been associated with improvement in quality of life in a randomized controlled clinical trial, the CHEST Cough Expert Panel believes that the potential benefits in some patients outweigh the potential side effects. With respect to dosing, patients who have no contraindications to gabapentin can be prescribed a dose escalation schedule beginning at 300 mg once a day; additional doses can be added each day as tolerated up to a maximum tolerable daily dose of 1,800 mg a day in two divided doses.
Other Therapies: Esomeprazole: Esomeprazole, a proton pump inhibitor, was studied in high doses for the treatment of UCC. 36 No benefits on cough severity or quality of life were observed, suggesting that there was no evidence that the chronic cough was due to acid reflux with GERD. Moreover, there were no serious adverse events, and no one was withdrawn from the study for safety. The study power was calculated to detect a 1 SD change in the cough-specific quality-of-life questionnaire.
6. In adult patients with unexplained chronic cough and a negative workup for acid reflux disease, we suggest that proton pump inhibitor therapy not be prescribed (Grade 2C).
Erythromycin: Erythromycin was found to be ineffective in patients with UCC. 35 The study had 80% power to detect a 50% reduction in cough frequency. The authors did not report any adverse events. Erythromycin should be well tolerated in this study: it was prescribed at a low dosage, and all subjects completed the study except for two withdrawals for personal reasons. Because erythromycin is an experimental therapy for UCC and is not widely used for UCC, this agent was not included in recommendations.
Ipratropium Bromide: A randomized trial of inhaled ipratropium bromide for unexplained cough reported a significant reduction in cough severity and a good safety profile. 26 Subsequent research has identified an inhibitory effect of this class of medication on type 1 neuronal transient receptor potential vanilloid (TRPV1) receptors. 40 However, this agent was not included in the recommendations because the ipratropium findings were from an older study, with a small sample size and limited reporting of methods, and the results have not been replicated. Although participants in the studies were required to have UCC, most (36 of 49 [74%]) of the included articles studied patients with chronic cough associated with a disease known to cause cough (eg, COPD, chronic bronchitis, tuberculosis, lung cancer, asthma). Five articles addressed UCC as defined by our review, and four articles included patients with UCC as well as cough in association with a defined cough-related disease. In the selection of studies for inclusion, 73 articles were excluded because the study population did not have chronic cough of unknown cause or refractory cough of known cause. The reproducibility and validity of the judgements about including or excluding articles based on the assessment of UCC in the setting of participants with a known coughrelated disease were incompletely described, and this factor was acknowledged as a limitation of the systematic review. In their methods, the authors state, "Because determination of whether an individual's chronic cough was truly unexplained or refractory was often difficult or impossible given available descriptions in the published article, we did not exclude articles based on diagnostic evaluation or empiric therapeutic trials, but rather described such information in an attempt to infer to what extent study populations could be considered unexplained or refractory according to current criteria." This statement indicates that requirements for a diagnostic and therapeutic evaluation were not inclusion criteria in the definition of UCC. Consequently, in their discussion, the authors noted that only a minority of articles included participants who had a high probability of having UCC and that this factor would limit the applicability of their findings. They stated, "Few studies directly reported assembling patients fitting our intended population of idiopathic or refractory chronic cough. Only three studies, including one of assessing the effect of morphine, were clearly in journal.publications.chestnet.org patients with unexplained cough and required subjects to have gone through a diagnostic evaluation to exclude most causes of cough."
Importantly, the concept of UCC as evaluated in the review by Yancy et al 31 differs from that which has been addressed in the present review. The two reviews differ significantly in the area of study selection, particularly as it relates to participant characterization. Our review sought carefully to define the population in the evidence base and, in doing so, increases the applicability of the results to a clinically recognizable population seen in secondary or tertiary care settings.
Discussion

Diagnosis
Chronic cough is difficult to treat when it is unexplained or fails to respond to therapy. Based on this systematic review, the present guideline makes several suggestions for the assessment and treatment of UCC. The terms "unexplained chronic cough," "difficult-to-treat cough," or "refractory chronic cough" were considered appropriate descriptors by the guideline panel. The condition is defined as a chronic cough that persists after comprehensive investigation, medical assessment, and optimal trials of indicated therapy in an adherent patient.
The key elements of this definition are the requirements for adequate assessment, investigation, and therapy. These processes are detailed in the CHEST chronic cough guideline, 2 as well as in other cough reviews. 4, 5 The completeness of this assessment and treatment approach according to the five areas of intervention fidelity (study design, training of providers, delivery of treatment, receipt, and enactment of treatment) 41 is recognized as an important paradigm in the determination of UCC. Although the studies reviewed in this assessment showed fair to good adherence to intervention fidelity, there are clearly opportunities to provide better documentation of the assessment process in published reports. There is also a need to consistently use validated outcome assessment tools when evaluating treatment response in chronic cough. Current CHEST guidelines directed at strengthening future studies of cough provide recommendations for incorporating the use of an intervention manual and other intervention fidelity strategies in chronic cough studies 41 and also detail validated tools developed for assessing cough outcomes. 42 The use of an intervention fidelity tool will facilitate the strengthening of study quality in chronic cough research. 41 Intervention fidelity bias was identified as a problem in studies of ICS for unexplained chronic cough; these studies included incomplete assessments of asthma, allergy, and nonasthmatic eosinophilic bronchitis. Specifically, this means that if a protocol-based clinical trial of ICS yielded no improvement (suggesting there was no airway inflammatory process as the basis for the cough and thus substantiating that the cough was an UCC), the recommendation is not to treat with ICS. The recommendation is that these conditions be objectively assessed before making a diagnosis of UCC. When this method was followed, ICS were shown to be ineffective in the treatment of UCC.
39
Therapy A wide range of therapies have been assessed in UCC. 31 Neuromodulator therapy was found to significantly improve cough quality of life in three RCTs. Each study used a different intervention (gabapentin or morphine). The largest study (by Ryan et al 34 ) also assessed cough frequency and found that gabapentin reduced cough frequency in UCC. The consistency of these positive results indicates that centrally acting mechanisms are important in UCC and should be studied further.
A treatment suggestion regarding neuromodulators for UCC recognized the limitations of the evidence, namely the paucity of studies, their comparatively small sample size, and the fact that one of the three RCTs had a moderate risk of bias; collectively, these factors mean that the estimate of treatment effect is imprecise. In addition, the treatments used did have adverse effects, mainly predictable central nervous system effects. In the case of gabapentin, these were reportedly managed by modification to dose.
Several other therapies were evaluated for UCC. Speech pathology was found to have a positive effect on cough severity, and a subsequent open-label study confirmed this finding and extended the results to show positive effects on cough quality of life and objective cough counts. Proton pump inhibitors are recommended for chronic cough caused by GERD. Because GERD can occur without typical esophageal symptoms, some authors have proposed that proton pump inhibitors be used for UCC. This theory was examined in an RCT, which found that in the absence of typical symptoms attributable to GERD, the empiric use of a high-dose proton pump inhibitor was not effective at improving cough quality of life. 36 Similarly, macrolides did not improve quality of life in patients with UCC.
Summary of the Systematic Review Results and Its Limitations
The present systematic review evaluated 11 RCTs and five systematic reviews that examined therapeutic interventions in UCC. There was substantial diversity in the terms used to describe UCC, and an agreed definition was not uniformly applied. Similarly, the assessment process was incompletely described in many studies. These aspects indicate that there may be heterogeneity in the patient population under study, and this limitation restricts the generalizability of the results. Intervention fidelity is now recognized as a key aspect in the diagnosis of UCC. This factor was incompletely reported in the studies included in the review, which indicates the possibility for indication bias in the studies evaluated. There was a range of interventions used, and none of these were replicated in other RCTs. The study sample sizes were relatively small, and a variety of outcome assessment tools were used, not all of which were adequately validated. These aspects of study design limit the strength of the conclusions.
Future Directions
The CHEST Expert Cough Panel considered ways to improve research in UCC by examining clinical trial design, chronic cough registries, and potential research questions (Table 9) .
Study Population
The ideal clinical trial patient population in this area was considered to have UCC or refractory chronic cough, assessed according to guidelines, in which participants were not taking an angiotensin-converting enzyme inhibitor and were nonsmokers. The diagnostic criteria for UCC must be carefully determined. This determination requires use of and adherence to an assessment manual which incorporates the five areas of intervention fidelity to determine that a subject truly has UCC. Drugs for coexisting conditions, such as proton pump inhibitors for GERD, are considered permissible as long as they are used at a stable dose. Participants require exclusion of significant chronic respiratory disease, such as chronic asthma, COPD, or bronchiectasis. These measures ensure a homogeneous study population. Participants should have sufficient and measurable cough severity at study entry.
Comparison Group
There can be a significant placebo effect in cough trials.
Outcome Measures
The CHEST Cough Expert Panel has recommended quality of life as the primary study outcome. In adults, use of the cough-specific quality-of-life questionnaire or the Leicester Cough Questionnaire is recommended.
Trial Design
For the study of chronic cough, either a parallel-group or crossover design is possible. For the study of acute or subacute cough, a parallel-group design is preferable because of a significant natural recovery in these conditions. Stratification for randomization based on What is the place of assessment and treatment for nonacid gastroesophageal reflux in the assessment of UCC?
What is the comparative efficacy of diagnostic testing vs. empiric corticosteroid trials for assessment of eosinophilia airway diseases associated with chronic cough?
PICO ¼ population, intervention, comparison, outcome. See Table 7 legend for expansion of other abbreviation.
journal.publications.chestnet.org sex and severity should be considered to avoid problems with statistical analysis because of the importance of these two variables on outcomes.
Chronic Cough Registries
Registries for UCC could be used to document patient characteristics and outcomes, as well as clinical trials in progress. They could also serve as a source of research participants for trials and may allow for phenotyping according to age, sex, cough duration, cough severity, cough reflex sensitivity (C2 and C5), and other biomarkers. Registries can be used for genetic studies in chronic cough.
The panel members were aware of several completed clinical trials with the following agents: memantine (results were presented as an abstract, and authors were requested to provide update; no reply was received as of August 2014); theobromine, P2X3 antagonists, 43 pregabalin, 44 and physiotherapy and speech and language therapy intervention (in submission).
Novel Therapeutic Agents
There are now numerous targets for novel therapeutic agents in UCC. These include peripheral targets, as well as the brainstem and cerebral cortex. The optimal site to target with intervention is not known.
TRPV1 Antagonists
A RCT of a TRPV1 antagonist observed a significant reduction in capsaicin cough reflex sensitivity. 24 No changes in cough severity or quality of life were observed.
Conclusions
UCC requires further study to determine consistent terminology and the optimal methods of investigation using established criteria for intervention fidelity. Neuromodulatory therapies and speech pathology-based cough suppression are suggested as therapeutic options for UCC.
